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Abstract 
This report contains the results of a Channel Migration Zone (CMZ) mapping effort for approximately 83 

miles of the Beaverhead River from its beginning at Clark Canyon Dam, downstream to its confluence 

with the Big Hole River just north of Twin Bridges MT.  The Beaverhead River mapping is part of a larger 

effort to map approximately 440 miles of rivers in the Missouri River headwaters watershed.   

The 83-mile long project reach of the Beaverhead River flows from the outlet of Clark Canyon Dam 

through Clark Canyon, where it turns northward to traverse the Beaverhead River Valley between Dillon 

and Twin Bridges.  To address this geomorphic variability, the river was broken into 15 reaches based on 

river pattern, rates of change, geologic controls, etc.  For the first 15 miles below Clark Canyon Dam, the 

river flows through a narrow canyon that is constricted by both volcanic rocks and transportation 

infrastructure.  The combined effects of Interstate 15, a rail line, and frontage road severely confine the 

naturally narrow stream corridor, in places completely isolating all historic floodplain area.  The river 

exits the canyon at a narrow constriction at Barretts entering a broad valley for most of the remainder 

of its course to Twin Bridges.  Long side channels such as Poindexter Slough create geomorphic 

complexities and widen the CMZ, as the stream alternates between a single thread meandering and 

multi-thread anabranching form.  A few miles downstream of Dillon, the modern river is perched about 

6 feet above a series of channel remnants to the west, including Selway Slough, Murray Gilbert Slough, 

and Albers Slough. 

Clark Canyon reservoir was built between 1961 and 1964 for irrigation and flood control.  The hydrologic 

record for the Beaverhead River records a wide range of annual peaks prior to dam construction, 

followed by lower flows and less variability with the dam in place.  The relatively quiet post-dam flood 

history was interrupted by one enormous flood in 1984 and persistently low annual peaks since the late 

1980s.  From a geomorphic perspective, one of the most striking patterns in the flow record is the lack 

of channel forming flows over recent decades.  For example, the 2-year flow, which tends to strongly 

influence channel form, has been exceed only twice since the late 1980s at the Barretts gaging station 

south of Dillon.   

In addition to flow management, the geomorphology of the Beaverhead River has been impacted by 

levees, bank armor, channelization, and riparian clearing.  A total of 33.4 miles of berms or levees were 

mapped in the project reach, the majority of which are associated with the transportation network in 

Clark Canyon.  About 3% of the bankline is armored.  In lower reaches below Dillon, riparian degradation 

since 1955 has been severe. 

Mean migration rates on the Beaverhead River range from 0.6 feet per year in geologically confined 

reaches to 1.6 feet per year in more dynamic areas below Dillon.  Relative to other rivers in the Upper 

Missouri Watershed, these rates are notably low, which is to be expected with the marked absence of 

channel forming flows in recent decades.  It should be noted, however, that floodplain development, 

riparian clearing, and a recent lack of channel-forming flows have probably made the system less 

resilient to rare floods such as that of 1984.   
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Glossary 
Alluvial ς Relating to unconsolidated sediments and other materials that have been transported, 

deposited, reworked, or modified by flowing water. 

Avulsion ς The rapid abandonment of a river channel and formation of a new channel.  Avulsions 

typically occur when floodwaters flow across a floodplain surface at a steeper grade than the main 

channel, carving a new channel along that steeper, higher energy path.  As such, avulsions typically 

occur during floods.  Meander cutoffs are one form of avulsion, as are longer channel relocations that 

may be miles long. 

Bankfull Discharge - The discharge corresponding to the stage at which flow is contained within the 

limits of the river channel, and does not spill out onto the floodplain.  Bankfull discharge is typically 

between the 1.5- and 2-year flood event, and in the Northern Rockies it tends to occur during spring 

runoff. 

CD ς Conservation District. 

Channel Migration ς The process of a river or stream moving laterally (side to side) across its floodplain. 

Channel migration is a natural riverine process that is critical for floodplain turnover and regeneration of 

riparian vegetation on newly created bar deposits such as point bars.  Migration rates can vary greatly 

though time and between different river systems; rates are driven by factors such as flows, bank 

materials, geology, riparian vegetation density, and channel slope.   

Channel Migration Zone (CMZ) ς A delineated river corridor that is anticipated to accommodate natural 

channel migration rates over a given period of time.  The CMZ typically accommodates both channel 

ƳƛƎǊŀǘƛƻƴ ŀƴŘ ŀǊŜŀǎ ǇǊƻƴŜ ǘƻ ŀǾǳƭǎƛƻƴΦ  ¢ƘŜ ǊŜǎǳƭǘ ƛǎ ŀ ƳŀǇǇŜŘ άŦƻƻǘǇǊƛƴǘέ ǘƘŀǘ ŘŜŦƛƴŜǎ ǘƘŜ ƴŀǘǳǊŀƭ ǊƛǾŜǊ 

corridor that would be active over some time frame, which is commonly 100 years. 

DNRC ς Department of Natural Resources and Conservation. 

Erosion BufferτThe distance beyond an active streambank where a river is likely to erode based on 

historic rates of movement.   

Erosion Hazard Area (EHA)ς Area of the CMZ generated by applying the erosion buffer width to the 

active channel bankline. 

Flood frequency ς The statistical probability that a flood of a certain magnitude for a given river will 

occur in any given year.  A 1% flood frequency event has a 1% chance of happening in any given year, 

and is commonly referred to as the 100-year flood. 

Floodplain- An area of low-lying ground adjacent to a river, formed mainly of river sediments and 

subject to flooding. 

Fluvial ς Stream-related processes, from the Latin word fluvius = river. 
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Geomorphology - ¢ƘŜ ǎǘǳŘȅ ƻŦ ƭŀƴŘŦƻǊƳǎ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŎǊŜŀǘŜ ǘƘƻǎŜ 

ƭŀƴŘŦƻǊƳǎΦ  άCƭǳǾƛŀƭ DŜƻƳƻǊǇƘƻƭƻƎȅέ ǊŜŦŜǊǎ ƳƻǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƻ Ƙƻǿ ǊƛǾŜǊ ǇǊƻŎŜǎǎŜǎ ǎƘŀǇŜ ǘƘŜ 9ŀǊǘƘΩǎ 

surface.   

GIS ς Geographic Information System:  A system of hardware and software used for storage, retrieval, 

mapping, and analysis of geographic data. 

Historic Migration Zone (HMZ) ς The historic channel footprint that forms the core of the Channel 

Migration Zone (CMZ).  The HMZ is defined by mapped historic channel locations, typically using historic 

air photos and maps. 

Hydrology ς ¢ƘŜ ǎǘǳŘȅ ƻŦ ǇǊƻǇŜǊǘƛŜǎΣ ƳƻǾŜƳŜƴǘΣ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ ŜŦŦŜŎǘǎ ƻŦ ǿŀǘŜǊ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ 

surface. 

Hydraulics ς The study of the physical and mechanical properties of flowing liquids (primarily water). 

This includes elements such as the depth, velocity, and erosive power of moving water. 

Large Woody Debris (LWD) ς Large pieces of wood that fall into streams, typically trees that are 

undermined on banks.  LWD can influence the flow patterns and the shape of stream channels, and is an 

important component of fish habitat. 

Management Corridor ς A mapped stream corridor that integrates CMZ mapping and land use into a 

practical corridor for river management and outreach. 

Meander - One of a series of regular freely developing sinuous curves, bends, loops, turns, or windings 

in the course of a stream. 

Morphology - Of or pertaining to shape. 

NAIP ς National Agriculture Imagery Program ς  A United States Department of Agriculture program 

that acquires aerial imagery during the agricultural growing seasons in the continental U.S. 

Planform - The configuration of a river channel system as viewed from above, such as on a map. 

RDGP - Reclamation and Development Grants Program, DNRC. 

Restricted Migration Area (RMA) ς Those areas of the CMZ that are isolated from active river migration 

due to bank armor or other infrastructure. 

Return Interval- The likely time interval between floods of a given magnitude.  This can be misleading, 

however, as the flood with a 100-year return interval simply has a 1% chance of occurring in any given 

year. 

Riparian ς Of, relating to or situated on the banks of a river.  Riparian zones are the interface between 

land and a river or stream.  The word is derived from Latin ripa, meaning river bank.  Plant habitats and 
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communities along stream banks are called riparian vegetation, and these vegetation strips are 

important ecological zones due to their habitat biodiversity and influence on aquatic systems. 

Riprap ς A type of bank armor made up of rocks placed on a streambank to stop bank erosion.  Riprap 

may be composed of quarried rock, river cobble, or manmade rubble such as concrete slabs. 

Sinuosity - The length of a channel relative to its valley length.  Sinuosity is calculated as the ratio of 

channel length to valley length; for example, a straight channel has a sinuosity of 1, whereas a highly 

tortuous channel may have a sinuosity of over 2.0.  Sinuosity can change through time as rivers migrate 

laterally and occasionally avulse into new channels.  Stream channelization results in a rapid reduction in 

sinuosity.  

Stream competency - The ability of a stream to mobilize its sediment load which is proportional to flow 

velocity.  

Terrace ς On river systems, terraces form elongated surfaces that flank the sides of floodplains.  They 

represent historic floodplain surfaces that have become perched due to stream downcutting.  River 

terraces are typically elevated above the 100-year flood stage, which distinguishes them from active 

floodplain areas. 

Wetland ς Land areas that are either seasonally or permanently saturated with water, which gives them 

characteristics of a distinct ecosystem.  
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1 Introduction 
The Beaverhead River Channel Migration Zone (CMZ) mapping project developed approximately 83 miles of 

mapping for the Beaverhead River from its beginning at Clark Canyon Dam, downstream to its confluence with 

the Big Hole River in Twin Bridges.  It is part of a larger effort to create CMZ mapping for approximately 440 

miles of river in the Missouri River headwaters.  Other rivers in the study include the Beaverhead, Madison, 

Jefferson, and Gallatin Rivers, revising the 2005 Big Hole River mapping, as well as updating mapping in the Ruby 

River Valley to include Clear Creek.  The main stem of the Ruby River from Ruby Reservoir to Twin Bridges was 

mapped in 2010 and the Big Hole River in 2005.  In total, approximately 493 miles of river in the Missouri River 

headwaters will have CMZ mapping.  Other rivers in Montana that have CMZ significant areas of mapping 

include the Yellowstone River, sections of the Flathead, Clark Fork, and Bitterroot Rivers, Deep Creek 

(Broadwater County), and Prickly Pear and Tenmile Creeks (Lewis and Clark County).   

The work is being funded through a 2013 Montana Department of Natural Resources and Conservation (DNRC) 

Reclamation and Development Grants Program (RDGP) titled Upper Missouri Headwaters River/Flood Hazard 

Map Development.  The project is administered by the Ruby Valley Conservation District, but includes input and 

review from stakeholders associated with each of the mapped rivers. 

1.1 What is Channel Migration Zone Mapping? 

The goal of Channel Migration Zone (CMZ) mapping is to provide a cost-effective and scientifically-based tool to 

assist land managers, property owners, and other stakeholders in making sound land use decisions along river 

corridors.  Typically, projects constructed in stream environments such as bank stabilization, homes and 

outbuildings, access roads, pivots, and diversion structures are built without a full consideration of site 

conditions related to river process and associated risk.  As a result, projects commonly require unanticipated 

and costly maintenance or modification to accommodate river dynamics.  CMZ mapping is therefore intended to 

identify those areas of risk, to reduce the risk of project failure while minimizing the impacts of development on 

natural river process and associated ecological function.  The mapping is also intended to provide an educational 

tool to show historic stream channel locations and rates of movement in any given area.   

CMZ mapping is based on the understanding that rivers are dynamic and move laterally across their floodplains 

through time.  As such, over a given timeframe, rivers occupy a corridor area whose width is dependent on rates 

of channel shift.  The processes associated with channel movement include lateral channel migration and more 

rapid channel avulsion (Figure 1).   

 
Figure 1. Typical patterns of channel migration and avulsion evaluated in CMZ development. 
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The fundamental approach to CMZ mapping is to identify the corridor area that a stream channel or series of 

stream channels can be expected to occupy over a given timeframe ς typically 100-years.  This is defined by first 

mapping historic channel locations to define the HMZ (Figure 1).  Using those mapped banklines, migration 

distances are measured between suites of air photos, which allows the calculation of migration rate (feet per 

year) at any site.  The statistical summarization of all migration measurements allows the determination of 

average rates of movement, and these average annual rates of movement are extended to the life of the CMZ, 

which in this case is 100 years.  This 100-year mean migration distance defines the Erosion Buffer, which is 

added to the modern bankline to define the Erosion Hazard Area.   

Channel migration rates are affected by local geomorphic conditions such as geology, channel type, stream size, 

flow patterns, slope, bank materials, and land use.  For example, a meandering channel with high sediment 

loads would have higher migration rates than a geologically confined channel flowing through a canyon.  To 

address this natural variability, the study area has been segmented into a series of reaches that are 

geomorphically similar and can be characterized by average migration rates.  Reach breaks can be defined by 

changes in flow or sediment loads at tributary confluences, changes in geologic confinement, or changes in 

stream pattern.  Reaches are typically on the order of 5-10 miles long.  Within any given reach, dozens to 

hundreds of migration measurements may be collected.   

Avulsion-prone areas are mapped where there is evidence of geomorphic conditions that are amenable to new 

channel formation on the floodplain.  This would include meander cores prone to cutoff (Figure 1), historic side 

channels that may reactivate, and areas where the modern channel is perched above its floodplain. 

The following map units collectively define a Channel Migration Zone (Rapp and Abbe, 2003): 

ω Historic Migration Zone (HMZ) ς the area of historic channel occupation, usually defined by the 

available photographic record. 

ω Erosion Hazard Area (EHA) ς the area outside the HMZ susceptible to channel occupation due to 

channel migration. 

ω Avulsion Hazard Zone (AHZ) ς floodplain areas geomorphically susceptible to abrupt channel 

relocation.  

ω Restricted Migration Area (RMA) ς areas of CMZ isolated from the current river channel by 

constructed bank and floodplain protection features.  The RMA has been referred to in other studies 

as the DMA- Disconnected Migration Area. 

The Restricted Migration Area (RMA) is commonly removed from the CMZ to show areas that are άno longer 

accessibleέ by the river (Rapp and Abbe, 2003).  In our experience, the areas that have become restricted due to 

human activities provide insight as to the extent of encroachment into the CMZ, and highlight potential 

restoration sites. These areas may also actively erode in the event of common project failure such as bank armor 

flanking.  For this reason, the areas of the natural CMZ that have become isolated are contained within the 

overall CMZ boundary and highlighted as άǊŜǎǘǊƛŎǘŜŘέ within the natural CMZ footprint.   

The individual map units comprising the CMZ are as follows:    

CMZ = HMZ + EHA + AHZ 
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Each map unit listed above is individually identified on the maps to show the basis for including any given area in 

the CMZ footprint (Figure 2). 

 

 

 

Figure 2. Channel Migration Zone mapping units. 

 

1.2 CMZ Mapping on the Beaverhead River 

The Channel Migration Zone (CMZ) developed for Beaverhead River extends 78 river miles from the Clark 

Canyon Dam approximately 18 miles south west of Dillon, MT to its confluence with the Big Hole River at Twin 

Bridges, MT.    

Although the basic concept is largely the same, Channel Migration Zone mapping efforts performed throughout 

the country have used different approaches to defining CMZ boundaries.  These differences in assessment 

techniques can be driven by the channel type, different project scales, the type and quality of supporting 

information, the intended use of the mapping, etc.  For this study the CMZ is defined as a composite area made 

up of the existing channel, the collective footprint of mapped historic channel locations shown in the 1955, 

1979, 2013, and 2015 imagery (Historic Migration Zone, or HMZ), and an Erosion Hazard Area (EHA), that is 

based on reach-scale average migration rates.  Areas beyond the Erosion Buffer that pose risks of channel 

avulsion are identified as Avulsion Hazard Areas or AHZ.  This approach generally falls into the minimum 

standards of practice for Reach Scale, Moderate to High Level of Effort mapping studies as defined by the 

Washington State Department of Ecology (www.ecy.wa.gov).   This approach does not, however, include a 

geotechnical setback on hillslopes, as these areas would require a more site specific analysis than that presented 

here. 

1.3 Uncertainty 

The adoption of a 100-year period to define the migration corridor on a dynamic stream channel requires the 

acceptance of a certain amount of uncertainty regarding those discrete corridor boundaries.  FEMA (1999) noted 

the following with respect to predicting channel migration:   

http://www.ecy.wa.gov/
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ΧǳƴŎŜǊǘŀƛƴǘȅ ƛǎ ƎǊŜŀǘŜǊ ŦƻǊ ƭƻƴƎ ǘƛƳŜ ŦǊŀƳŜǎΦ  hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀ ǾŜǊȅ ǎƘort time frame for 

which uncertainty is much reduced may be useless for floodplain management because of the 

minimal erosion expected to occur. 

The Beaverhead River shows historic patterns of lateral migration and avulsion, locally within a very broad 

floodplain surface that has dense networks of historic channels.  Downstream of Dillon, the river is slightly 

perched above the floodplain area to the west.  Ice jams are common.  With potential contributing factors, such 

as woody debris jamming, sediment slugs, tectonic deformation, or ice jams, dramatic change could potentially 

occur virtually anywhere on the floodplain.  As the goal of this mapping effort is to highlight those areas most 

prone to either migration or avulsion based on specific criteria, there is clearly the potential for changes in the 

river corridor that do not meet those criteria and thus are not predicted as high risk.     

¦ƴŎŜǊǘŀƛƴǘȅ ŀƭǎƻ ǎǘŜƳǎ ŦǊƻƳ ǘƘŜ ƎŜƴŜǊŀƭ ǇŀǊŀŘƛƎƳ ǘƘŀǘ άǘƘŜ Ǉŀǎǘ ƛǎ ǘƘŜ ƪŜȅ ǘƻ ǘƘŜ ŦǳǘǳǊŜέΦ  As predicted future 

migration is based on an assessment of historic channel behavior, the drivers of channel migration over the past 

50 years are assumed to be relatively consistent over the next century.  If conditions change significantly, 

uncertainty regarding the proposed boundaries will increase.  These conditions include system hydrology, 

sediment delivery rates, climate, valley morphology, riparian vegetation densities and extents, and channel 

stability.  Bank armor and floodplain modifications, such as bridges, dikes, levees, or sand and gravel mining 

could also affect map boundaries.    

1.4 Relative Levels of Risk 

The natural processes of streambank migration and channel avulsion both create risk to properties within 

stream corridors.  Although the probability of any area experiencing either migration or an avulsion during the 

next century has not been quantified, their association with specific river process allows some relative 

comparison of the type and magnitude of their risk.  In general, the Erosion Hazard Area delineates areas that 

have a demonstrable risk of channel occupation due to channel migration over the next 100 years.  Such bank 

erosion can occur across a wide range of flows.  As such, the risk is not solely associated with flood events, as 

channel migration commonly occurs as a relatively steady process.  Avulsion tends to be a flood-driven process, 

and as such, risks identified by the Avulsion Hazard Zone are typically associated with infrequent, relatively rapid 

shifts in channel course that are often difficult to predict. 

1.5 Other River Hazards 

The CMZ maps identify areas where river erosion can be expected to occur over the next century.  It is 

important to note that river erosion is only one of a series of hazards associated with river corridors.  
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1.5.1 Flooding  

The CMZ maps do not delineate areas prone to flooding.  The difference between mapped flood boundaries and 

CMZ boundaries can be substantial.  In cases where the floodplain is broad and low, the CMZ tends to be 

narrower than the flood corridor (Figure 3).  In contrast, where erodible terrace units bound the river corridor, 

the CMZ is commonly wider than the floodplain, because the terraces may be high enough to prevent flooding, 

but not immune to erosion (Figure 4).  This is a common problem in Montana because of the extent of high 

glacial terraces that are above base flood elevations, but not erosion-resistant.  Figure 5 shows a property on the 

Yellowstone River in Park County that was progressively undermined during the 1996-1997 floods, prompting 

the owner to burn it down to prevent any liability associated with the structure falling into the river.  This has 

been a chronic problem in river management, as landowners assume that if their home is beyond the mapped 

floodplain margin, it is removed from all river hazards.  After experiencing massive 2005 flood damages in Saint 

George Utah (Figure 4), several property owners reflected on this issue (www.Utahfloodrelief.com): 

ά²Ŝ ƪƴŜǿ ǘƘŜ ǊƛǾŜǊ ǿŀǎ ǘƘŜǊŜΦ  We were 3 feet above the 100-year flood plain and made 

sure we were well above the flood plain.  It was surveyed and the engineers told us where we 

ƘŀŘ ǘƻ Ǉǳǘ ƛǘ ŀƴŘ ƴƻΣ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ŦƭƻƻŘ ƛƴǎǳǊŀƴŎŜ ƻǊ ŀƴȅ ƪƛƴŘ ƻŦ ƛƴǎǳǊŀƴŎŜ ǘƘŀǘ ƛǎ ƎƻƛƴƎ ǘƻ 

ǊŜƛƳōǳǊǎŜ ǳǎ ŦƻǊ ŀƴȅǘƘƛƴƎΦέ  

άOur property was not located within the 500-year flood plain or was it adjacent to it.  The 

river simply took a new route that went right through our property.έ     

άL ƪƴŜǿ ǿŜ ǿŜǊŜ ƛƴ ōƛƎ ǘǊƻǳōƭŜΦ  The river was raging and making a sharp "S" turn right 

behind our home.  Our property seemed to take the full force of the river turning against the 

bank.  Large chunks of earth were being swallowed up into the river.  We watched 20 feet 

erode in less than two hours.  We knew if it continued at that pace, we'd lose our house. Our 

contractor contacted an excavation company early that morning, but they said there was 

nothing they could do for us.  We were also informed that our contractor's insurance was not 

covered for floods.έ 

 
Figure 3.  Schematic comparisons between CMZ and flood mapping boundaries (Washington State Department of Ecology). 
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Figure 4.  Photos from a 2005 flood in Saint George Utah, where homes several feet above the mapped floodplain were destroyed by 

channel migration (www.Utahfloodrelief.com). 

 

 
Figure 5.  Yellowstone River home on high glacial terrace that was burned down in 1997 to prevent its undermining by the river. 

 

1.5.2 Ice Jams 

Another serious river hazard, especially in Montana, is ice jamming.  Over 1,470 ice jams have been recorded in 

Montana, which is the most of any of the lower 48 states (http://dphhs.mt.gov/).  The ice jams are most 

common in February and March.  The National Weather Service has identified the Beaverhead River as having 

13 reported ice jams (Figure 6).  Ice jamming has been a recurring problem around the confluence of the  

http://dphhs.mt.gov/
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Figure 6.  Montana rivers east of the continental divide with 10 or more reported ice jams. 

Beaverhead with the Big Hole and Ruby Rivers near Twin Bridges, where in 2011, ice jams caused flooding in 

town (Figure 7 and Figure 8).   

On January 28, 1937, the Dillon Tribune reported the following: 

 ά.ŜŀǾŜǊƘŜŀŘΩǎ ƻǿƴ ŦƭƻƻŘ ǎƛǘǳŀǘƛƻƴ ǎƘƻǿŜŘ ƭƛǘǘƭŜ 

improvement today, with the water still spreading over a 

wide area and freezing as rapidly as it spreads.  Cars are 

passing through the half-mile of ice and water on the 

Butte-5ƛƭƭƻƴ ƘƛƎƘǿŀȅΧ¢ƘŜǊŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ ƭƛǘǘƭŜ ŎƘŀƴŎŜ ƻŦ 

blasting a new channel for the river and only thawing 

temperatures can bring the river back to its regular course, 

it is feared.  The main channel now seems to have been diverted by the ice jam through the J.P. 

Best tourist camp and over the highway.  Little or no water is flowing through the natural 

ŎƘŀƴƴŜƭΧΦƛǘ Ƙŀs been some thirty years since an ice jam has formed on the Beaverhead River 

ŀƴŘ ƛǘ ƛǎ ŘƻǳōǘŦǳƭ LŦ ŜǾŜǊ ƳƻǊŜ ǿƛŘŜǎǇǊŜŀŘ ŘŀƳŀƎŜ ǊŜǎǳƭǘŜŘέΦ 
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The article above describes how ice jamming can cause flooding as well as avulsions.  Ice effects can also 

accelerate bank migration rates.  The massive 1984 flood was reportedly to have been driven by a combination 

of snowmelt, spring rains, and frequent ice jams (www.dphhs.mt.gov), although ice jamming in the Dillon area is 

reportedly mainly associated with Blacktail Creek.   

 
Figure 7. Ice jam and flooding at Twin Bridges, MT, January 4, 2011.  (Madison County, MT Office of Emergency Management). 

 

 
Figure 8. Ice jam and flooding at Twin Bridges, MT, January 4, 2011.  (Madison County, MT Office of Emergency Management). 

 

http://www.dphhs.mt.gov/
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1.5.3 Landslides  

Clark Canyon hosts several active landslides that impinge into the river corridor (Section 2.2).  These landslides 

have the potential to create river hazards by blocking the channel and potentially diverting or impounding flow. 

Figure 9 shows an example of a landslide that occurred in February 2014 on the south wall of the Nooksack River 

Valley near Bellingham, Washington.  The landslide originally blocked the channel, and the effect was seen at a 

gaging station downstream where river flows rapidly dropped from over 2,000 cubic feet per second to about 

400 cubic feet per second in the early morning hours of February 21.  The river breached the landslide and flows 

returned to normal, however in some cases impacts have been much worse.  Probably the most recently 

renown landslide into a river system was the 2014 Oso Slide into the North Fork of the Stillaguamish River, 

which dammed the river causing extensive flooding upstream (Figure 11).  Prior to that, the 1959 Quake Lake 

slide occurred about 72 miles east of Clark Canyon, creating a lake that is 6 miles long and 190 feet deep.  

 
Figure 9.  Hillslope failure on Nooksack River near Bellingham Washington on February 21, 2014. 

 






































































































































































